Endometrial receptivity is crucial for implantation and establishment of a normal pregnancy. The shift from proliferative to receptive endometrium is still far from being understood. In this paper, we comprehensively present the transcriptome of the human endometrium by comparing endometrial biopsies from proliferative phase with consecutive biopsies 7-9 days after ovulation. The results show a clear difference in expression between the two time points using both total and small RNA sequencing. A total of 3,297 messenger RNAs (mRNAs), 516 long noncoding RNAs (lncRNAs), and 102 small noncoding RNAs were identified as statistically differentially expressed between the two time points. We show a thorough description of the change in mRNA between the two time points and display lncRNAs, small nucleolar RNAs, and small nuclear RNAs not previously reported in the healthy human endometrium. In conclusion, this paper reports in detail the shift in RNA expression from the proliferative to receptive endometrium.
independent of pregnancy between 7 and 10 days after ovulation [1] . Although distorted receptivity is linked to poor pregnancy outcome [2] , the process of receptivity is still far from being understood [3] .
Earlier studies in humans have investigated the change in RNA expression from proliferative to receptive endometrium, almost all have used chip-based techniques [3] [4] [5] [6] and only one study has used RNA sequencing [7] . No previous studies have used consecutive sampling in humans or studied the expression of both protein-coding messenger RNA (mRNA) and long noncoding RNA (lncRNA) and small noncoding RNA (sncRNA) in the endometrium using RNA sequencing.
A large number of mRNAs statistically significantly change their expression between early luteal phase and mid-luteal (receptive) phase [8] [9] [10] . Among these genes cell surface proteins, extracellular matrix components, and growth factors were the major groups [8] . However, a review by Horcajadas and coworkers found little consistency between microarray-based studies [11] . The different phases of the menstrual cycle can be identified with their genomic profile, which also have a strong correlation to the histopathological classification [12, 13] .
lncRNAs, defined as ncRNA > 200 nucleotides, have been shown to be functional as epigenetic regulators and regulate gene expression [14] . Recently, lncRNA expression in human endometrium was reported in endometrial carcinoma [15] and endometriosis [16] , but expression patterns of lncRNA in healthy human endometrium have not been reported.
Small ncRNAs (<200 nucleotides) consist of several subgroups such as micro RNA (miRNA), small nuclear RNA (snRNA), and small nucleolar RNA (snoRNA). Of these, miRNA are the most extensively studied and have been shown to be involved in generegulating complexes, mainly in gene silencing through hybridization [17, 18] . Altered miRNA in the human endometrium expression has been described in endometrial carcinoma, and associated with infertility and endometriosis [3, 19, 20] . Endometrial decidualization in vitro [3, 21] and endometrial receptivity and implantation in vivo [4, 22] are associated with changes in miRNA. Disturbed miRNA expression has been proposed as a causative factor in implantation failure [3] . Small nuclear RNAs are intrinsic to the spliceosome, have a function in Cajal bodies and telomerase activity [23] , and have been linked to human diseases [24] . Small nucleolar RNA modulate ribosomal RNA (rRNA) and transfer RNA through methylations [25] . Small nuclear RNA and snoRNA have never been described in healthy endometrium, and only one recent study included snoRNA in their evaluation of small RNAs in endometrial carcinoma [26] .
Using RNA sequencing, the primary aim of this study was to describe the difference in total RNA (mRNA, lncRNA, and sncRNA) expression pattern in human endometrium between the proliferative phase and 7-9 days after ovulation. We also compared the sncRNA expression in vivo with human endometrial stromal cell cultures, in vitro.
Materials and methods

Endometrial tissue
The endometrial tissue was collected after informed consent, in seven healthy donors after paracervical blockade anesthesia using a suction curette (Pipet Curet, CooperSurgical, USA). The first sample was taken 7-9 days after a positive urinary ovulation test, LH+ 7-9, (Clearblue, Proctor & Gamble, USA) from each donor, correspond- ing to WOI, the second biopsy from the same donor was taken 6-8 days after the start of the subsequent menstruation, corresponding to proliferative phase (cd [6] [7] [8] . The donors were between 24 and 31 years, had regular menstrual cycles, had not used hormonal or other treatment for at least 3 months and did not have a history of chronic disease, Table 1 . All women underwent normal general physical and gynecological examinations including transvaginal sonography. A gynecological pathologist confirmed the cycle days through histopathological examination. The endometrial tissue was immediately stored in RNA later solution (Ambion) and stored in -20
• C until further analysis.
Cell cultures
After informed consent endometrial biopsies were taken from six healthy donors at cycle day 5-9. The donors had the same clinical features as described for the endometrial biopsies except age, which were between 19-39 years. Small noncoding RNA was analyzed in cell cultures before and after induced decidualization. For further information about the preparation of the stromal cells [27, 28] , see Supplemental Materials and Methods. In vitro decidualization was performed as described previously, [29] . Briefly, cells were seeded in 6-well Costar plates in Dulbeccos modified eagle medium (DMEM)/F12 without phenol red, supplemented with 2% chalcoal stripped fetal bovine serum (Sigma-Aldrich, Sweden) and 0.2% penicillin-streptomicin. At 80-90% of confluence, cells were treated with 1 μM medroxyprogesterone-17-acetate (Sigma-Aldrich, Sweden) and 0.5 mM N 6 , 2'-O-dibutyryladenosine cyclic adenosine monophosphate (cAMP) (Sigma-Aldrich, Sweden) for 6 days to induce decidualization.
Sample preparation and sequencing
RNA extraction
Total RNA was extracted using miRNeasy Mini Kit (Qiagen) according to manufacturer's instruction. RNA quality was assessed using Agilent Bioanalyzer and RNA quantity was assessed using Qubit fluorometer. The amount of RNA, measured by Qubit, for the 14 samples ranged from 3 to 33 μg averaging on 19.1 μg. The RNA integrity number (RIN) for the samples ranged from 4.3 to 9.0, averaging on 6.4. See Supplemental Table S1 for further details. 
Sequencing libraries
Data analysis Preprocessing, mapping, and quality control
Before being mapped to the genome, using STAR [30] , the raw sequencing reads were quality trimmed and potential adapter sequences were removed. For the quality trimming process, the tool TrimGalore [31] was used. Further information on mapping parameters and quality control for RNA data, preprocessing of sequencing reads, and ribosomal depletion can be found in the Supplemental Material and Methods; Supplemental Figures S1 and S2; and Supplemental Table S2 . Every sample was prepared, sequenced, and analyzed individually, i.e., the samples were not pooled in any way.
Novel micro RNA expression in endometrium miRDeep2 [32] was used to identify novel miRNAs in endometrium based on the small RNA from tissue. miRDeep2 was run individually for each of the 14 small RNA samples. All novel miRNA predicted by miRDeep2 that had very low or no expression in our aligned data as assessed through the Integrative Genomics Viewer (IGV) were discarded.
Expression quantification and differential expression
To quantify gene expression, the program htseq-count [33] was used to count how many reads match each gene in an annotation file in gene transfer format (gtf) (Ensemble version GRCh38.82). When quantifying gene expression for the small RNA libraries, the gtf file was altered so that it only included annotated miRNA, snRNA, snoRNA, and novel miRNA. Novel miRNA were identified with miRDeep2 [32] and their expression verified using IGV. Similarly, when quantifying gene expression of the total RNA libraries, all annotated miRNA, snRNA, and snoRNA were excluded from the gtf file. For further details on this editing of gtf files and the effects it has on quantification, see Supplemental Figure S3 . The count tables generated by htseq-count were imported into R [34] , and differential expression (DE) analysis between the two time points was performed using DESeq2 [35] . Prior to DE analysis, genes with low expression were discarded. Genes were defined as lowly expressed if it had zero or one read. The design model of the DE analysis took into account that the sample is paired which both increases statistical power and reduces confounding effects. P-values were corrected for multiple testing using the false discovery rate (FDR) method. The threshold of significance was set to FDR = 0.01. The DE analysis for the total RNA libraries was divided into two; one restricted to protein-coding mRNA, and one restricted to lncRNAs. Thus, in total, there were four DE analyses; (i) sncRNA from tissue, comparing proliferative phase and receptive endometrium (LH+ 7-9 days), (ii) lncRNA from tissue, comparing proliferative phase and receptive endometrium (LH +7-9 days), (iii) protein-coding mRNA from tissue, comparing proliferative phase and receptive endometrium (LH +7-9 days), and (iv) sncRNA from stromal cells comparing decidualized stromal cells with nondecidualized stromal cells. All DE results were cross validated using the leave-one-out cross validation (LOOCV) method. For the LOOCVs, the DE analyses were carried out additional times, each time leaving out one sample pair from the analysis. Each gene that did not meet the adjusted P-value threshold of 0.01 in these cross validation analyses was said to fail LOOCV and was not included in the final list of significantly differentially expressed (SDE) genes.
Micro RNA targeting in endometrium
Known miRNA were grouped into miRNA families according to TargetScan database [36] , and a separate DE analysis was done on the small RNA dataset only using miRNA families, see Supplemental Table S3 . Using SDE miRNA families, we evaluated three miRNA targeting methods: probability of conserved targeting (PCT) from TargetScan [37] , cumulative weighted contexts ++ score (CWC) from TargetScan, and miRTarBase (MTB) [38] . For further description see Supplemental Materials and Methods. 
Ethical approval
Results
Principal component analysis RNA expression in vivo
To analyze the variance in mRNA, lncRNA, and sncRNA expression between the proliferative phase and 7-9 days after ovulation in vivo, we performed principal component analyses of their expression values. Figure 1 shows the first two principal components of the log-transformed expression values for the four RNA analyses: mRNA, lncRNA, sncRNA in vivo, and sncRNA in vitro. Expression for all RNA types clustered according to the two time points of the menstrual cycle and not according to individuals ( Figure 1A -C). Indicating a clear DE between the time points. For all three RNA types, one subject deviated from other samples during the proliferative phase (orange square, Figure 1 A-C). Small noncoding RNA in vitro expression differed before and after decidualization (Figure 1D) , though the separation is not as clear as for the endometrial biopsies. When comparing the expression for sncRNA in vitro and in vivo, the samples cluster according to the type of source material, tissue or cells, and not according to the time points (Figure 2 ).
Messenger RNA expression patterns
We used RNA sequencing to display a detailed description of mRNA expression in healthy human endometrium and the difference in gene expression between the proliferative phase and 7-9 days after ovulation in consecutive samples from the same individuals. A total of 4,867 out of 17,446 mRNAs were SDE; 1,570 out of these 4,867 failed LOOCV (see Methods), which resulted in 3,297 SDE RNAs; of which 1,648 were higher expressed in the proliferative phase and 1,639 were higher expressed 7-9 days after ovulation. Overview of the results from the DE analysis is shown in Supplemental and in Figure 3 . A complete list of SDE genes is supplied in Supplemental Table S5a . A total of 745 mRNAs were differentially expressed with a log 2 fold change (log2FC) of two or more and 35 mRNA with a log2FC of five or more. The 10 SDE mRNAs with the highest fold change are presented in Table 2 . Two genes encoding for solute carrier proteins, SLC30A2 (log2FC = 5.86, P = 8.55E-123) and SLC25A48 (log2FC = 7.64, P = 6.22E-43), have the lowest P-value and the highest fold change, respectively. In fact, 75 solute carrier genes are found to be SDE, 49 of which are higher expressed 7-9 days after ovulation. We noted that LEFTY1 (log2FC = 4.87, P = 2.63E-13) and IGFBP2 (log2FC = 1.66, P = 8.49E-08) were significantly higher expressed 7-9 days after ovulation, but the commonly used markers of decidualization, LEFTY2 and IGFBP1 as well as prolactin (PRL) remained unchanged in our material. In summary, these analyses provide a thorough description of the change in mRNA expression in human endometrium from proliferative phase to 7-9 days after ovulation.
We then compared our mRNA data to the only previous RNA sequencing-based study [7] . In total, 1408 genes were identified as SDE in both studies, 1889 genes were uniquely identified in our study and 964 genes were uniquely identified in [7] (Figure 4A ). Of the genes identified as SDE in both studies, there was a good agreement with regard to the direction of expression ( Figure 4B ). Of the 1408 genes found to be SDE in both studies, 1404 were expressed in the same direction.
Long noncoding RNA expression patterns
To analyze lncRNA, we restricted the total RNA sequences to lncRNA. Out of 17,832 lncRNAs, 875 were SDE; 359 out of these 875 failed LOOCV, which resulted in 516 SDE lncRNAs. Of these, 177 were higher expressed in the proliferative phase and 339 were higher expressed at 7-9 days after ovulation (Supplemental Tables S4  and S5b ). Ten SDE lncRNAs with the highest fold change are presented in Table 3 . Of the lncRNAs that were SDE between the time points, the Long intergenic noncoding RNA Nuclear enriched abundant transcript 1 (lincRNA NEAT1) (log2FC = 1.55, P = 8.99 E-12) was by far the most highly expressed (mean reads = 63,013 for both time points combined). The most SDE lncRNAs were RP11-627G23.1 (log2FC = 3.42, P = 7.24E-39) and PSORS1C3 (log2FC = 1.62, P = 1.62E-34). This analysis thus resulted in a comprehensive description of lncRNA expression in both the proliferative phase and 7-9 days after ovulation in human endometrium and describes lncRNA not previously reported in the endometrium. 
Small noncoding RNA expression patterns
To describe the expression pattern of small RNA, we restricted the library to miRNA, snRNA, snoRNA, and novel miRNA (see Methods). A total of 156 out of 2,024 sncRNAs were found to be SDE and 54 out of these 156 failed LOOCV (see Methods). This resulted in 102 SDE sncRNAs. Of these, 52 were higher expressed in the proliferative phase and 50 were higher expressed 7-9 days after ovulation (see Supplemental Tables S4 and S5c ). Ten SDE sncRNAs with the highest fold change are presented in Table 4 . Ten sncRNAs were differentially expressed with a log2FC of two or more. Of the sncRNAs that were SDE between the time points, MIR449A, MIR449B, and MIR449C were the three most highly differently expressed sncRNAs. We noted that MIR30d (P = 9.69 E-16, log2FC = 1.8), MIR30b (P = 1.08 E-7, log2FC = 1.34), MIR10a (P = 9.37 E-7, log2FC = 0.78), MIR345 (P = 1.18 E-12, log2FC = 1.54), MIR210 (P = 6.28 E-8, log2FC = 1.39), MIR203 (P = 3.47 E-15, log2FC = 1.40), MIR105-1 (P = 1.01 E-8, log2FC = 1.59), and MIR200C (P = 1.72 E-8, log2FC = 1.11) were all significantly higher expressed 7-9 days after ovulation, and miRNA 135b (P-value 1,18 E-12, FC = -1.11) was higher expressed at the proliferative phase [3] [4] [5] [6] . We also noted that MIR31 and MIR494 were not significantly different between the proliferative phase and 7-9 days after ovulation [4, 6] .
There were 31 SDE snoRNA, 12 of them belonged to the SNORD113 and SNORD114 families, all higher expressed in the proliferative phase. There were five snoRNAs higher expressed 7-9 days after ovulation and 26 higher expressed in the proliferative phase. SNORD 113-3 had the largest fold change (P = 1.14 E-11, log2FC = -1.05). Two snRNAs were statistically differentially expressed, RNU4-82P (log2FC = 1.83, P = 1.05 E-7) and RNU4-4P (log2FC = 2.23, P = 2.43 E-7). Both these snRNAs were higher expressed 7-9 days after ovulation, but their expression were low. One novel miRNA, novel miRNA 12 (Supplementary Tables S5c   and S6 ), was statistically higher expressed 7-9 days after ovulation (log2FC = 1.13, P = 3.70 E-7).
To study the change in small RNA expression patterns after decidualization in a more controlled setting, we also performed RNA sequencing before and after treatment with cAMP and medroxyprogsterone in human endometrial stromal cells in vitro. A total of 235 out of 2,010 sncRNAs were found to be SDE, and 80 out of these 235 failed LOOCV. This resulted in 155 SDE sncRNAs (see Supplementary Table S5d ). The 10 most differentially expressed small RNAs with regard to fold change are presented in Table 5 . Similar to sncRNA in the tissue, four SDE sncRNAs, MIR21, MIR143, MIR10B, and MIR30A, comprise over 80% of all the reads of SDE sncRNAs. These data provide a comprehensive description of the change in small RNA expression after decidualization in vitro and shows that small RNA expression in human endometrial stromal cells is influenced by progestin treatment. Of the 102 SDE sncRNAs in tissue and the 155 SDE sncRNA in stromal cells, only 33 are SDE in both. In addition, only 12 of these are SDE in the same direction, (see Supplemental Figure S4 ). The five miRNAs, MIR30A, MIR30B, MIR30D, MIR148A, and AC114498.1, are significantly higher expressed during the WOI in tissue and after decidualization in cells. The seven miRNAs, MIR143, MIR145, MIR146B, MIR155, MIR424, MIR708, and MIR7974, are significantly higher expressed during the proliferative phase in tissue and before decidualization in cells.
Novel micro RNA expression in endometrium miRDeep2 was applied to identify novel miRNAs in endometrium individually for each of the 14 samples. Some novel miRNAs turned out to have very low or even no expression in our data and were discarded as candidates for novel miRNAs. In total, there were 30 miRNAs that we identify as novel miRNAs and a complete list is shown in Supplemental Table S6 . Of these 30 novel miRNAs, only novel miRNA 12 on chromosome 7 was SDE in tissue between the proliferative phase and 7-9 days after ovulation (Supplemental Table S5c ).
Predicting gene targets based on micro RNA expression
We applied three methods to predict the gene targets of the SDE miRNA families: PCT [37] , CWC [36] , and MTB [38] (see Methods). Supplemental Figure S5 shows the number of unique genes targeted by each method, how many of those are expressed in endometrium and how many are SDE in endometrium. Supplemental Figure S5 shows the overlap of targeted genes between these three prediction methods. The three methods predict the same targets only to a limited extent and predicted gene targets have comparable amount of SDE as the general population of expressed genes in endometrium.
Discussion
The coordinate gene transcription in the receptive endometrium is probably of importance for successful implantation; yet, the transcriptomic shift from proliferative phase to receptive endometrium has not been described in detail. Our data show that not only mRNA but also lncRNA and sncRNA transcription differs significantly as the endometrium becomes receptive. We employed RNA sequencing and designed our study to allow analyses of mRNA, lncRNA, and sncRNA. We reported 31 snoRNA, 2 snRNA, and 1 novel miRNA to be SDE between the proliferative phase and 7-9 days after ovulation, a total of 34 molecules that have not been reported before to be involved in the physiological changes in the human endometrium. Additionally, we report complications and inconsistencies in using miRNA expression in gene target prediction. Taken together, our findings provide the most complete description of the coordination of the transcriptome 7-9 days after ovulation in human endometrium.
Most previous studies on gene expression in the endometrium have used microarray techniques [2, 4, 5, [8] [9] [10] 39] that ultimately limit the results [40] . There are several studies [8] [9] [10] 39, 41] performed at the WOI. The results from these studies have been compared [11, 41] , and stringly only one gene, osteopontin, was consistently upregulated in all five studies. These studies use different time points, study design, and methodology which can explain some of the differences. The only previous study using RNA sequencing [7] compared the transcriptome between three women 2 days after ovulation to three other women at 7 days after ovulation. In our study, SLC30A2, solute carrier family 30 member 2, was the most highly upregulated mRNA 7-9 days after ovulation, which is in agreement with the only previous study using RNA sequencing [7] but not with studies using microarray technics [8, 12] . Of the 3,297 SDE genes in the current study, 1,408 found to be SDE by us were also found to be SDE in the previous RNA sequencing-based study [7] , which considering the difference in design and different time points used is a surprisingly good agreement. Furthermore, 1,404 of these 1,408 genes agreed on the direction of expression ( Figure 4B ). The most likely reason for the divergence in the results is differences in technique and experimental design. For instance, the time points differ and some mRNA, such as many histone genes and others, lack polyA tails [42, 43] , meaning they would not be probed using polyA selection. In fact, some of the SDE genes reported here are histone genes (Supplemental Table S5 ). Compared to Ref. [7] , our libraries are more refined in the sense that they are strand specific and enriched by ribosomal depletion instead of poly A selection. Finally, the reported inconsistency between the various microarraybased studies and the relative good correlation between the two RNA sequencing studies further highlights the advantage of sequencing over microarray-based approach in terms of both robustness and accuracy.
(A) (B) Figure 4 . Comparison of SDE genes between RNA sequencing studies of the endometrium. (A) The overlap of SDE between the current study and Hu et al. [7] . In total, 1408 genes were identified as SDE in both studies, 1889 genes were uniquely identified in the current study, and 964 genes were uniquely identified in Hu et al. [7] . (B) Of the genes identifies as SDE in both studies, there is a good agreement with regards to the direction of expression. Of the 1408 genes found to be SDE in both studies, 1404 are expressed in the same direction. That is, 716 of these 1408 genes have a higher expression at WOI in both studies, and 688 genes have a lower expression at WOI in both studies. The exact role of lncRNA in the endometrium has not been elucidated. A total of 42 of these 516 lncRNAs found SDE in our material overlap with lncRNAs that have been implemented with endometrial cancer [15] , among them urothelial cancer associated 1 (UCA1), an lncRNA, previously associated with cancer and embryonic growth [44] .
Endometrial miRNA expression differs throughout the menstrual cycle and has been proposed to influence receptivity. MIR30D, MIR30B, MIR10A, MIR345, MIR210, MIR203, MIR105, MIR200C, and MIR193A were all highly differentially expressed between the time points that agree well with the results of earlier research [3] [4] [5] . We found MIR146B to be downregulated 7-9 days after ovulation, which has not been described in earlier studies. This miRNA regulates signal transduction of Transforming growth factor beta (TGF-β) by repressing SMAD4 [45] . TGF-β represses decidualization and prolactin expression, in endometrial stromal cells in vitro but SMAD4 inhibition restores this [45] . In addition, we found MIR449 to be expressed in the receptive endometrium. MIR449 is well described in other tissues, especially ciliated cells, bronchial mucociliary airway epithelia and testis [46] . It has also been described in bovine endometrium [47] and in endometrial cancer [48] but never in healthy human endometrium. The MIR449 cluster is located on chromosome 5, in a highly conserved region [46] . Three members of the MIR449 family, MIR449A, MIR449B, and MIR449C, were expressed in our study; all of them were among the most highly differentially expressed. The expression of the MIR449 family increased in all women 7-9 days after ovulation. The MIR449 family is important in the induction of cell cycle arrest and cell apoptosis [46] , which is some of the hallmark in receptive endometrium [49] . Our findings have also uncovered the expression of snoRNA in the receptive endometrium. Small nucleolar RNAs are involved in post-transcriptional maturation of rRNA. Alteration in snoRNA expression can affect numerous vital cellular processes as, for example, the development of tumor cells or the response to viral diseases [25] . Future studies need to focus on the functional role of these RNA subtypes and other highly altered RNAs in endometrial receptivity.
The expression of small RNA in vitro and in vivo clustered according to type of tissue (cells or endometrial biopsies) and not according to the time point. This was particularly evident in the cell cultures, whereas the small RNA expression in the endometrial tissue samples differed distinctly between the time points (Figure 2 ). The endometrial biopsies contain several cell types, for example, epithelial cells, stromal cells, leucocytes, and fibroblasts [40] compared to the in vitro analyses that only contain stromal cells. The difference in sncRNA expression between the in vivo and in vitro analysis may also be explained by hormonal factors. The stromal cells were subjected to gestagen but not to other sex steroids or other hormones that may regulate gene transcription in vivo. It should also be noted that the major compartment of stromal cells are not decidualized 7-9 days post ovulation. Instead, only a proportion of the cells are decidualized or predecidualized [9] , starting in patches surrounding the spiral arteries, and decidualization becomes apparent on day 9-10 after ovulation [50, 51] This study has some limitations. There is a small sample size, which is common in this kind of study with general invasive sample collection [4, 5, [8] [9] [10] 12, 41, 52] . Biopsies from the two time points were taken from the same individuals, the first in the secretory phase and the second in the subsequent proliferative phase, which could potentially influence gene expression in the latter. However, the two biopsies were taken with one menstrual bleeding in between. The strength lies in that consecutive samples from the same individuals allowed paired statistical testing, increasing the power of the test, and reducing confounding factors.
Furthermore, LOOVC analyses (see methods) have been used to lower the effect from every single donor. Endometrium is heterogeneous and interindividual differences might have influenced the results, although the samples cluster according to time point instead of individuals. There are studies suggesting that interindividual differences might override differences in menstrual phases [53] . One subject deviated from other samples during the proliferative phase, orange square, we cannot find anything in the characteristics that differ from the other subjects.
In conclusion, this paper reports in detail the shift in RNA expression from the proliferative to receptive endometrium. Due to study design, we have been able to show the expression of mRNA, lncRNA, and sncRNA including snoRNA, snRNA, and miRNA. The data include descriptions of novel miRNAs never described before and shows that snoRNA is expressed in human healthy endometrium. Future studies should investigate the biological relevance of these new miRNAs and the role of snoRNA in endometrial receptivity.
Supplementary data
Supplementary data are available at BIOLRE online. Figure S1 . Graphical representation of the preprocessing of endometrial RNA reads, both from total RNA and small RNA. The biggest decrease in total RNA reads is due to ribosomal contamination, but on average around 13.8% of the mapped reads were ribosomal sequences. The biggest decline in small RNA reads is due to mapping but on average around 74.5% of the reads mapped to the genome. See Supplemental Table S2 Table S1 . Overview of results from RNA extraction of endometrial tissue. Supplemental Table S2 . Preprocessing and mapping of RNA. No. of reads (R1 + R2) in millions. Raw reads are the number of reads coming from the sequencing machine, quality reads is the number of reads after the trimming process, mapped reads is how many reads mapped to the genome, and useable reads is the number of reads remaining after ribosomal reads. Supplemental Table S5a . Significantly differentially expressed mRNA in endometrial tissue between the proliferative phase and the window of implantation. Ordered according to log2 fold change, i.e., from most overexpressed in the receptive phase (LH+ 7-9) to the most overexpressed in the proliferative phase (cd 6-8). Supplemental Table S5b . Significantly differentially expressed lncRNA in endometrial tissue between the proliferative phase and the window of implantation. Ordered according to log2 fold change, i.e., from most overexpressed in the receptive phase (LH+ 7-9) to the most overexpressed in the proliferative phase (cd 6-8). Supplemental Table S5c . Significantly differentially expressed sncRNA in endometrial tissue between the proliferative phase and the window of implantation. Ordered according to log2 fold change, i.e., from most overexpressed in the receptive phase (LH+ 7-9) to the most overexpressed in the proliferative phase (cd 6-8). Supplemental Table S5d . Significantly differentially expressed sncRNA in endometrial stromal cells between before and after decidualization. Ordered according to log2 fold change, i.e., from most overexpressed in decidualized cells to the most overexpressed in the naïve cells. Supplemental Table S6 . Novel miRNA expressed in endometrial tissue. Identified with miRDeep2 and cross referenced from alignment data. Of the novel miRNA only miRNA_novel12 was found to be SDE between the two time points. Supplamental Table S7 . Verification of RNAseq results using RTqPCR.
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